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Scope 


The scope of a variable is the part of the program in 
which that variable can be used, the section of the code for 
which that particular variable is defined and accessible. 


The code surrounded by open- and closed- curly braces 
is called a block. After the condition line of a loop or 
conditional statement, the complex statement that can 
follow is a block. 


while (i < 6) 


{ 
// these three statements are in a block of c 
statement] ; 
statement? ; 
statements; 
i; 


Part of what determines the scope of a variable is what 
block it is in and what block it was declared in. Variables 


declared in a block are usable only until the end of that 
block. 


Things will get more complex when we start discussing 
methods, but for now — as we deal with code where every- 
thing is inside the main() method — we can think of our 
program as a bunch of blocks nested within other blocks. 

The outermost block is the main() method itself — all 
the code inside the open- and close- braces of the main () 
method. In the absence of any additional blocks inside 
main(), a variable declared inside main() is usable from 
the point of its declaration, to the end of the block it was 
declared in — i.e. the end of the main() method. 





But now, put another block inside the main() method: 


public static void main(String[] args) 
{ 

int i = Q; 

while (i <= 5) 


{ 
int x; 
x= 1s 
System. out.print (i) ; 
aR a 
t 


// System.out.println(x) ; 
} 


A variable such as i is declared in the outermost block 
— inside main() but not inside any other block. So, it is 
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usable everywhere in main() from the point of its dec- 
laration through the while loop and down to the end of 
main() at the final closing brace. 

But, the variable x is declared inside a block that is 
mmside main(), or, more formally, inside a block that is 
nested in main(). The rule is that a variable declared 
inside a block goes out of scope at the end of the block. 
And so, x is declared inside the nested block and thus 
goes out of scope as soon as the closing brace of the while 
loop is reached. Each time through the while loop, the 
variable x will be redeclared, and each time that loop 
close brace is reached, x will go out of scope — and so it (x) 
and any value it was holding effectively vanish. Once the 
while loop is left for good, the variable x never returns, 
and so the program would not compile if we uncommented 
the output line that is currently commented out. At that 
point in the code, there zsn’t a variable x, because that 
variable went out of scope when the while-loop block 
ended and thus is no longer accessible. 








The rule is as follows: 





e As always, variables cannot be used before they are 
declared. 


e Variables declared in outer blocks can be used inside 
any block nested inside that outer block, and any 
changes made to the variable inside that inner, nested 
block, are still in effect when the nested block ends 
and we return to the outer block. 


e Variables declared inside an inner block are not ac- 
cesssible to the outer block — i.e. once you leave the 
inner block and you are back in the outer block inside 
which the inner block was nested, the variable you de- 
clared inside the inner block has gone out of scope and 
cannot be used by the outer block. 


A special situation that needs addressing 


One last bit of info before we move on to some examples: 
last time we made brief reference to the idea of scope 
while discussing the for loop. Because you can declare 
a variable inside the parenthesis of a for loop, we must 
decide exactly what the scope of that variable would be. 
And it turns out that the scope of the parenthesis of a 
for loop should be considered to be the same as if that 
code was part of the for-loop complex statement block. 
That is, any variable declared inside the parenthesis of 
the for loop does not exist anymore once we leave the 
loop. 








for (int i = 1; i<=10; i++) 
System.out.println(i) ; 
System.out.println(i); // <-- won’t compile; 
// the variable i is 
// no longer 
// accessible at this 
// point in the code; 
// i goes out of 
// scope when the for 
// loop ends. 


Scope Examples 
Example 1: 
int 1 = 7; <--- 1 declared outside the loop 
while (i < 10) 
{ 
Ing “x. =95 
a a <--- 1 usable inside the loop 
System.out.println(x) ; 


t 
System.out.println(i); | <---- i usable later, 
System.out.printin(x) ; outside the loop 


// same code as above 
int i = 7; 
while (i < 10) 


{ 
int x = 5; <--- x declared inside 
Lat; the loop 
System.out.println(x); <--- x usable inside 
t the loop 


System.out.println(i) ; 

System.out.printin(x); <-- ERROR! x is not 
usable here; its 
scope ended with 
the close brace of 
the while loop 


Example 2: 


for (int i = 1; i<=10; 
{ 


int x = 9; 


System.out.println(x) ; 


t 
System. out.println(x) ; 
System.out.println(i) ; 


it+) <---- i declared 
*inside* the loop 
<--- x declared 

<--- and used 


inside the loop 


<-- ERROR! 
<-- ERROR! 

Neither variable is 
accessible outside 
the loop; for both, 
the scope ended 
when the loop ended. 


Example 3: 


// same with an if statement as with a loop 


int y = 5; <--- y declared outside block 


if (y < 10) 

: 
int x = 9; <--- x declared inside block 
System.out.print(x); <-- x can be used here 
yory = 7; <--- y can be used here 

} 


System.out.println(y); <--- will print 12; 
not only can y be used 
here but whatever 
alterations made to y 
inside the block are 
still in effect here 

System.out.println(x); <--- ERROR! x went 
out of scope with the 
Close brace of the if 
statement and can’t be 
used here 


Example 4: 

You can also just start a block in the middle of your 
code, if you want. It doesn’t need to be part of a condi- 
tional or loop statement. 


int y = 5; <-- y declared outside block 
{ 
int x = 9; <-- x declared inside block 
System.out.println(x); <-- x used in block 
y=yt*7; <-- y used inside block 
Ag 
System.out.println(y); <--- y can be printed 
outside block; 12 is 
printed since changes 
made to y inside block 
are still in effect 
System.out.println(x); <--- x is not usable 
here; its scope ended 
when the block ended. 


This is rarely done. But you could do this if, for example, 
you wanted a variable (such as the variable x above) to 
have a very limited lifetime and didn’t want that variable 
taking up space in memory once it had served its brief 
purpose and was no longer needed. 

But usually we are not concerned about making such 


extremely efficient use of memory that we will put random 
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enclosing blocks all over our code. Just be aware that 
such a thing can be done, if you should find yourself in a 
situation where you need to do it. 


Example 5: 
You can, of course, have multiple nestings. 


int y = 35; 
while (y >= 0) 
{ 


int xX = jy; 
if (x % 2 == 0) 


{ 

int Z = X; 

System.out.print(z + " even"); 

y =y - 2; // this will indeed alter y 
t 
else 
{ 

// z is NOT in scope here 

int w= X; 

System.out.print(w + " odd"); 

y =y - 1; // this will indeed alter y 
I 


y = y - 1; // this will indeed alter y 
// neither z NOR w are in scope here 


} 


// neither z NOR w NOR x are in scope here 





All the lines that alter y will see their effects maintained; 
for example, the first time through the while loop, y 
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starts out at 35, it is decremented by one in the else 
case and by another one at the end of the loop block, and 
the second time the condition is checked, y is 33. 


Finally, a brief example 


We wish to read in various letter grades from a student, 
and calculate their GPA from these letter grades. 


e Assume all grades are equally weighted; We don’t have 
a situation where one class is 4 hours and another is 
2 hours, and therefore, no one class has more of an 
effect on the GPA than another class does. 


e Assume that an A is worth 4 points, a B is worth 3 
points, a C is worth 2 points, a D is worth 1 point, 
and an F is worth 0 points. 


e We don’t know how many grades there will be, so we 
can expect the program to keep asking us for grades 
until we tell it to stop asking. The signal for this will 
be the letter Z; when we enter Z for a grade, it means 
that that isn’t really grade but instead is a signal that 
the input is complete. 








Step 1: the general outline 


loop (as long as you are supposed to keep 
reading in grades) 


{ 
// 1) read in grade 
// 2) figure out how many points it 
is worth 
// 3) add that number of points to 
// the total number of points 
// 4) increment the number of grades 
by one 
t 


GPA = total points / number of grades 


Step 2: adding more detail to inside of loop 


Loop interior actions (1), (3), and (4) are all relatively 
straightforward. However, (2) — figuring out how many 
points a grade is worth — involves a complex conditional 
statement. 

Assume grade is the variable that holds the letter 
grade, and points is the variable that holds the point 
value for a given grade. 


if (grade == ’A’) 
points = 4; 
else 
if (grade == ’B’) 
points = 3; 
else 
if (grade == ’C’) 
points = 2; 
else 
if (grade == ’D’) 
points = 1; 
else // grade == ’F’ 
points = 0; 


We could also write this in a more condensed format: 


if (grade == ’A’) 


points = 4; 

else if (grade == ’B’) 
points = 3; 

else if (grade == ’C’) 
points = 2; 

else if (grade == ’D’) 
points = 1; 

else // grade == ’F’ 
points = 0; 


Given that this formatting of the code makes it apparent 
that we are selecting between five disjoint options (i.e. 
only one choice could be true; we can’t have two or more 


choices true at once), this is probably the better format 
to use. 





Step 3: Filling out the code around the conditional 


We read in our grade before running it through the con- 
ditional, and if that grade is "Z’, we don’t bother running 
it through the conditional. Instead, we prepare to exit 
the loop. If the grade is not ’Z’, then we chose the right 
point value and do the needed addition work. 





System.out.println("Enter grade:") ; 
grade = Keyboard.readChar () ; 


if (grade == ’Z’) 
notDone = false; 
else 
{ 
if (grade == ’A’) 
points = 4; 
else if (grade == ’B’) 
points = 3; 
else if (grade == ’C’) 
points = 2; 
else if (grade == ’D’) 
points = 1; 
else // grade == ’F’ 
points = 0; 


total = total + points; 
numGradest++ ; 


Step 4: The loop control 


Since we are saying that notDone is false if we read in 
a Z, we should use that as our loop flag. 


boolean notDone = true; 
while (notDone) 
{ 
System.out.println("Enter grade:"); 
grade = Keyboard.readChar () ; 
if (grade == ’Z’) 
notDone = false; 
else 
{ 
if (grade == ’A’) 
points = 4; 
else if (grade == ’B’) 
points = 3; 
else if (grade == ’C’) 
points = 2; 
else if (grade == ’D’) 
points = 1; 
else // grade == ’F’ 
points = 0; 
total = total + points; 
numGradest++ ; 


Step 5: Finishing it off 


Add needed variable declarations/assignments and the 
GPA calculation, as well as the program skeleton. 


public class Program 
if 
public static void main(String[] args) 
{ 
// variable declarations/assignments 
int total = 0; 
int numGrades = 0; 
int points; 
Char grade; 
float GPA; 
boolean notDone = true; 


// grade-reading loop 

while (notDone) 

{ 
System.out.println("Enter grade:") ; 
grade = Keyboard.readChar () ; 


if (grade == ’Z’) 
notDone = false; 
else 
{ 

if (grade == ’A’) 


points = 4; 
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else if (grade == ’B’) 


points = 3; 

else if (grade == ’C’) 
points = 2; 

else if (grade == ’D’) 
points = 1; 

else // grade == ’F’ 
points = Q; 


total = total + points; 
numGradest+ ; 


} 


// GPA calculation 
GPA = (float) total / numGrades; 
System.out.println("GPA is : " + GPA); 


Loop control alternative 


We could have also chosen to use the comparing of the 
input character to Z as our while loop condition. In 
that case, we would need to perform one input before 
the while loop, and within the while loop we would 
re-input at the end of the loop block. ‘This would elimi- 
nate the need for the boolean variable, and the loop con- 
dition would be more directly related to the condition 
that actually stops the loop. In addition, the top-level 
if/else inside the loop body would also not be needed. 
On the other hand, you’d need to have the input code 
occur twice, and one of those times would have to be out- 
side the input-reading loop — something that may be less 
appealing, conceptually. so, it’s simply a different way 
to structure the program, with its own advantages and 
disadvantages as compared to the first way. 


public class Program 
1 
public static void main(String[] args) 
af 
// variable declarations/assignments 
int total = 0; 
int numGrades = 0; 
int points; 
Char grade; 


float GPA; 


System.out.println("Enter grade:") ; 
grade = Keyboard.readChar () ; 


// grade-reading loop 
while (grade != ’Z’) 


{ 

if (grade == ’A’) 
points = 4; 

else if (grade == ’B’) 
points = 3; 

else if (grade == ’C’) 
points = 2; 

else if (grade == ’D’) 
points = 1; 

else // grade == ’F’ 
points = 0; 


total = total + points; 
numGradest++ ; 


System.out.println("Enter grade:"); 
grade = Keyboard. readChar () ; 


// GPA calculation 
GPA = (float) total / numGrades; 
System.out.println("GPA is : " + GPA); 


